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Introduction
Cytokines are soluble proteins produced by nucleated cells 

throughout the body with essential roles in hemopoiesis, cell growth 
and differentiation, mediating inflammatory or immune responses, 
and tissue repair. In general, cytokines can be classified into the 
following groups: interleukins (IL), tumor necrosis factors (TNF), 
colony-stimulating factors (CSF), interferons (IFN), growth factors 
(GF) and chemokines [1-3]. The chemokines, as their name suggests, 
are chemotactic cytokines that direct the recruitment of immune cells 
and coordinate immune responses [3]. Chemokines can be classified 
into four families on the basis of the position of the first two cysteine 
residues: CXC-chemokine, CC-chemokine, C-chemokine and CX3C-
chemokine [4]. Because the chemokines are small proteins, the 
probability that their entire coding regions might be represented as 
expressed sequence tags (ESTs) in databases was very high [4]. Thus, 
we can use recombinant DNA technology and computer-assisted 
sequence analysis to rapidly identify and clone novel chemokine genes. 

In this review, we introduce how skillfully applied advanced 
bioinformatics and genetic engineering technology were used to 
discover a novel cytokine, chemokine-like factor 1 (CKLF1) [5], and 
its MARVEL super family members [6]. We also demonstrated murine 
airway inflammation induced by CKLF1 [7], and that over-expression of 
CKLF1 was observed in asthmatics [8]. We also show how a monoclonal 
antibody to CKLF1 was generated [9], how its functional receptor was 
confirmed, and how two peptides were isolated from secreted CKLF1 
[10,11]. Finally, we show that murine allergic inflammation in asthma 

and rhinitis can be inhibited by the C19 peptide, which could be a 
candidate for antagonizing allergic inflammation [12,13].

Discovery of CKLF1 and Nomenclature
In the 1990s, a new strategy for cloning novel cytokines was 

to retrieve known genes from gene sequence databases to discover 
homologous new genes, and then to clone and identify them. However, 
given that the human genetic database was publicly available on the 
Internet, this kind of strategy was often readily used in searching for 
new genes, leading to the possibility of the same gene being cloned 
by several laboratories almost simultaneously. Thus, Han, Ma, and 
colleagues designed a unique technical route to find novel cytokines 
using suppression subtractive hybridization (SSH) technology for 
screening and isolating new genes encoding cytokines inhibited by IL-
10 [5].

Previous research had demonstrated that U937 mononuclear cells 
with phytohemagglutinin (PHA) stimulation could produce many 
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Abstract
Chemokine-like factor 1 (CKLF1) is a cytokine, first described in 2001. CKLF1 is highly expressed in the lung 

and leukocytes. Recombinant CKLF1 has chemotactic activity on leukocytes, and stimulates the proliferation of 
murine skeletal muscle cells. Administration of CKLF1 in mice caused dramatic pathological changes in the lungs, 
including peribronchial leukocyte infiltration, epithelial shedding, collagen deposition, and proliferation of bronchial 
smooth muscle cells. Expression of CKLF1 mRNA in PBMCs and CKLF1 immunoreactivity in bronchial mucosa were 
found to be higher in an asthmatic group than in controls. A CKLF1-specific monoclonal antibody was generated 
using an intramuscular injection of pCDI-CKLF1 followed by electroporation in vivo, instead of a conventional protein 
immunization strategy. CCR4 is a functional receptor for CKLF1; this was confirmed using a chemotaxis assay, 
calcium flux assays, and receptor internalization. Two peptides from secreted CKLF1 in cell supernatants were 
obtained when recombinant CKLF1 was stably expressed in Drosophila S2 cells, termed CKLF1-C27 (C27) and 
CKLF1-C19 (C19). C27 and C19 had the same effect through CCR4 as the recombinant CKLF1 protein. Although 
with weaker chemotactic activity, C19 can inhibit chemotaxis induced by other chemokines, such as CKLF1 and 
TARC/CCL17. Chemically synthesized C19 peptide was injected intraperitoneally to inhibit allergic inflammation 
associated with asthma in mice, resulting in a significant reduction in AHR, airway eosinophilia, and the number of 
lymphocytes in BALF. Most recently, C19 peptide was used to treat murine allergic rhinitis. Intranasal administration 
of C19 reduced allergic symptoms, such as sneezing and rubbing, and serum concentrations of IgE. Mice treated 
with C19 or budesonide, a intranasal glucocorticoid steroid for the treatment of non-infectious rhinitis, for the 
treatment of non-infectious rhinitis, showed fewer eosinophils in the submucosa or peribronchiolar zone, while the 
nasal mucosa of untreated allergic mice displayed significant increases in eosinophils and conspicuous hyperplasia 
of the mucous glands.
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kinds of cytokines, while interleukin 10 (IL-10) was known to inhibit 
the generation of various cytokines [14,15]. Based on these two facts, 
Han suggested that the cytokines in PHA-stimulated U937 cells could 
be inhibited by IL-10 and among the inhibited cytokines, there was a 
likelihood that some of the genes would not have been characterized 
previously [5]. Thus, they used PHA-stimulated U937 cells as the tester 
and PHA-stimulated and simultaneously IL-10-inhibited U937 cells 
as the driver in the SSH procedure [5]. Eventually a novel gene that 
was inhibited by IL-10 was isolated. The full-length cDNA contained 
530 base pairs and encoded a single open reading frame of 99 amino 
acid residues, including a CC motif similar to those of other CC 
family chemokines. Therefore, the gene represented a novel CC family 
chemokine, and its GenBank accession number was AF096985 [5].

Because the novel gene was cloned from U937 cells and contained 
a CC motif with the chemotactic effects on leucocytes, it was then 
named U937-derived chemokine, abbreviated as UCK. However, UCK 
differed from classical CC chemokines for the following reasons: 
1) there was no additional two C-terminus cysteines in the mature 
protein, although there was one conserved CC motif, 2) there were 
three other RNA splicing isoforms of UCK, encoding 152, 67, and 120 
amino acid variants, and they shared the same amino- and carboxyl-
terminal amino acid sequences as UCK, and 3) it could stimulate the 
proliferation and differentiation of skeletal muscle cells.

Therefore, following a recommendation from Dr. Julia White 
of University College, London, UK, and the Human Genome 
Organization Nomenclature Committee (HGONC), the name UCK 
was changed to “chemokine-like factor 1” (CKLF1). Thus, CKLF1 
possesses certain special structures and potentially more extensive 
functions beyond its effects in chemotaxis. Also, its three isoforms were 
named CKLF2, CKLF3, and CKLF4. Further experimental data showed 
that CKLF1 was a secreted protein, whereas CKLF2 and CKLF4 were 
transmembrane proteins [5].

CKLF1 is highly expressed in multiple tissues and cells, such as 
lung and leukocytes. Recombinant CKLF1 exhibits potent chemotactic 
activity on leukocytes and lymphocytes in vitro and in vivo. Moreover, 
it stimulates the proliferation of murine skeletal muscle cells after in 
vivo administration of CKLF1 plasmid DNA [5].

Identification of Chemokine-Like Factor Superfamily 
Members: CMTM 1 8

Before CKLF was discovered in 1998, no one had described a 
human gene product with obvious sequence similarity to CKLF. 
According to Zlotnik, there would be expected to be a high frequency 
of gene duplication within structurally similar chemokine clusters 
[4]. Thus, it was reasonable to believe that additional genes related to 
CKLF1 could exist. 

The gene encoding CKLF is located on chromosome 16q22. 
Thus, when it came to chemokines on chromosome 16q, three other 
well-known chemokines and one transmembrane protein were vital 
clues. The genes encoding chemokine CCL22/MDC, CCL17/TARC, 
and CX3CL1/fractalkine, and the transmembrane 4 superfamily 11 
protein (TM4SF11) are clustered on chromosome 16q13 [16,17]. 
Although TM4SF11 is not a chemokine, it is a shorter gene product 
from CCL22/MDC, and its encoding gene is also at chromosome 
16q13 [17]. Moreover, the key amino acids of CCL22/MDC and 
CCL17, which are around a gene-specific motif, are identical to those 

of CKLF. Most importantly, CKLF has four alternative RNA splicing 
forms, CKLF1, 2, 3, and 4. Among these four isoforms, CKLF2 is the 
full-length cDNA product, encoding 152 amino acids and has four 
putative transmembrane regions [5,18]. The sequence identity between 
CKLF2 and TM4SF11 is 15.4%. All of this information indicated that 
the CKLF gene may be an interim gene, between the CCL22/MDC, 
CCL17/TARC, and TM4SF11 genes.

Next, using a computational search strategy combined with genetic 
engineering technology and bioinformatics analysis [19], Hang and 
Ding cloned and identified eight further novel genes related to CKLF 
that formed gene clusters, and were designated “chemokine-like factor 
superfamily members 1-8” (CKLFSF1-8) [6]. In 2005, according 
to the structural characteristics of the members of the family, the 
HGONC decided to rename CKLFSF1-8 as “CKLF-like MARVEL 
transmembrane domain-containing 1-8” (CMTM1-8), indicating 
that CMTM represented a novel gene family between the SCY and the 
TM4SF gene families. In humans, the family includes nine genes, CKLF 
and CMTM 1-8. However, in this paper we will focus on research about 
CKLF1. 

Effects of CKLF1 on Airway Inflammation and 
Remodeling

Because CKLF1 is expressed in the lung and recombinant CKLF1 
exhibited chemotactic effects on human leukocyte recruitment, and 
stimulated the proliferation of skeletal muscle, we hypothesized that 
airway structural and inflammatory cells may use CKLF1 to regulate 
leukocyte trafficking and induce tissue cell proliferation, which could 
be involved in the pathogenesis of important pulmonary diseases, 
such as asthma. Asthma is characterized by the persistent aggregation 
of inflammatory cells, which is associated with epithelial cell damage, 
collagen deposition, and proliferation of fibroblasts and smooth muscle 
cells [20].

Thus, we constructed a CKLF1-expressing plasmid, pCDI-CKLF1, 
and evaluated the biological effect of CKLF1 in murine lung using a single 
intramuscular injection of pCDI-CKLF1, followed by electroporation, 
a highly efficient method for delivering genes into skeletal myofibers 
to produce high levels of protein in circulating plasma [21-23]. At 1 
week after intramuscular CKLF1 plasmid injection, strong expression 
of the exogenous CKLF1 protein in murine lung tissue was visualized 
by Western blotting, indicating that the CKLF1 protein was effectively 
delivered to the lungs as a result of electroporated plasmid injection 
[7], and the subsequent dramatic pathological changes in the lungs, 
including peribronchial leukocyte infiltration, collagen deposition, and 
proliferation of bronchial smooth muscle cells, were caused by over 
expression of CKLF1 [7].

The morphological changes in inflammation and proliferation in 
the lung induced by CKLF1 were similar to phenomena observed in 
chronic persistent asthma. Furthermore, expression of CKLF1 mRNA 
was measured in PBMCs and CKLF1 protein in bronchial tissues was 
assessed in patients with asthma. The results showed that expression of 
CKLF1 mRNA in PBMCs and CKLF1 immunoreactivity in bronchial 
mucosa was both higher in the asthmatic group than in the controls [8].

Overall, the inflammatory process and subsequent subepithelial 
changes initiated by CKLF1 seemed to mimic the airway remodeling 
seen in chronic bronchial asthma, and over-expression of CKLF1 was 
indeed observed in asthmatics. These findings supported Holgate’s 
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theory of the “reactivation of the Epithelial-Mesenchymal Trophic Unit 
(EMTU)” in the pathogenesis of asthma. This theory emphasized that 
chronic asthma is characterized by enhanced epithelial-mesenchymal 
communication with the release of a range of different growth factors 
linked to airway remodeling [24,25].

Quality of the Antibody Generated against Recombinant 
CKLF1

To further study the structural and functional characteristics 
of CKLF1, it was necessary to make an antibody against CKLF1. A 
recombinant CKLF1 plasmid was constructed and expressed in E. 
coli with high efficiency in the lab of the Center for Human Disease 
Genomics, Peking University, Beijing. After purification, recombinant 
CKLF protein was obtained, and, subsequently, following conventional 
hybridoma techniques, a monoclonal antibody against recombinant 
CKLF1 was prepared. Using the specific antibody, we detected the 
over-expression of CKLF1 protein in bronchial tissues in asthmatics 
[8].

However, CKLF1 is a highly hydrophobic protein and the 
purification of native CKLF1 was unsuccessful. Receiving inspiration 
from the advantages of DNA immunization for antibody production 
and our previous discovery injecting the pCDI-CKLF1 plasmid into 
the skeletal muscle of mice with electroporation, leading to secretion 
of the protein in vivo and subsequently causing dramatic pathological 
changes in the murine lung [7,26-28], Chen used the method of 
injecting plasmid DNA in vivo to generate an antibody in vivo instead 
of a conventional protein immunization strategy [9]. 

Briefly, a dose of DNA (100 μg) in 0.9% NaCl (100 μL) was 
injected into an anesthetized animal followed by electric pulses. 
Mice were immunized three times at 3-week intervals. Hybridomas 
were generated by the fusion of myeloma SP2/O cells with mouse 
spleen cells. One hybridoma cell line stably secreting a monoclonal 
antibody against CKLF1 was generated and designated “clone M4.” 
The specificity was assessed by enzyme-linked immunosorbent assay 
(ELISA) and Western blotting. 

The M4 monoclonal antibody was also found to be immunoglobulin 
subclass IgG1 and specific for the unique C-terminal domain of CKLF 
proteins [9]. These results demonstrated that intramuscular injection 
of naked DNA encoding a target gene, combined with electroporation 
in vivo, can be used to prepare monoclonal antibodies. 

Trollet et al. [29] and Michele et al. [30] made the following 
comments regarding this effective and simple method: “A very 
interesting use of electrotransfer described the preparation of a 
monoclonal antibody against CKLF1 (chemokine like factor 1), a newly 
cloned human cytokine. As CKLF1 is a highly hydrophobic protein, 
the purification of native CKLF1 was unsuccessful. Electrotransfer of a 
CKLF1 encoding plasmid into the skeletal muscle of mice (and therefore 
in vivo secretion of the protein) instead of the conventional protein 
immunization strategy overcame this problem led to the generation of 
the desired monoclonal antibody” [29], and “In vivo expression levels 
improved markedly using this approach - levels increased by several 
fold over plasmid injection alone. This method might allow for less 
frequent immunizations with the DNA platform, and can improved 
both cellular and humoral responses” [30]. Since then, the monoclonal 
antibody against CKLF1 has been used in immunohistochemistry, 
Western blotting, and to neutralize the chemotactic effect of CKLF1.

Confirmation of CCR4 as a Functional Receptor for 
CKLF1

It is only when a chemokine binds to its specific receptor on a target 
cell that it can have biological activity [4]. All chemokines mediate their 
activities via uniting a corresponding heterotrimeric G-protein-coupled 
receptor, generating signals subsequently transduced to the inside of 
the cell [31,32]. Although previous research had demonstrated that 
CKLF1 exerted multiple activities, it was not known which receptor(s) 
possessed specific affinity for CKLF1. Consistent with the state of 
background knowledge, Wang and Zhang performed interesting and 
highly effective work to evaluate the receptor [10]. The work was based 
on the following clues. 1) About 50 chemokines and 20 receptors have 
been identified so far; that is, more chemokines and fewer receptors, 
suggesting that a number of chemokines might share the same receptor 
[4]. Thus it was possible that CKLF1 shared a receptor with other 
related chemokines. 2) CKLF1 possessed similarities in structure, 
chromosomal, location and functional properties with CC chemokines 
TARC/CCL17 and MDC/CCL22, which bind to CC chemokine 
receptor type 4 (CCR4) to exert their function [33,34]. Thus, it seemed 
possible that, like TARC/CCL17 and MDC/CCL22, CKLF1 might 
interact with CCR4. 3) CKLF1 causes dramatic airway inflammation 
and remodeling in the murine lung, mimicking the pathology seen in 
chronic persistent asthma, and over-expression of CKLF1 was detected 
in asthmatics [7,8]. 4) Expression of CKLF1 was up-regulated during 
T lymphocyte activation [35], and CCR4 is highly expressed in Th2 
lymphocytes and the interaction of CCR4 with its ligands induced the 
migration of Th2 cells, playing an important role in the pathogenesis 
of asthma [36,37]. Therefore, Wang and Zhang subsequently targeted 
CCR4 and carried out the following systematic experiments, finally 
proving the hypothesis [10].

Cloned CCR4 from a K562 cell cDNA library was expressed 
efficiently in human embryonic kidney 293 (HEK293) cells, which 
are easy to grow and transfect. Recombinant CKLF1 was secreted 
using a Drosophila expression system [10]. CCR6- expressing and 
mock-transfected cells were also cloned as controls. The interaction 
of CKLF1 with CCR4 was confirmed by means of a chemotaxis assay, 
an intracellular calcium flux assay, and receptor internalization. In the 
chemotaxis assay, when treated with CKLF1, pcDI-CCR4-transfected 
HEK293 cells produced classic bell-shaped migration responses while 
pcDI-CCR6-transfected cells failed to migrate [10]. Pretreatment with 
TARC/CCL17 can desensitize CCR4 to subsequent stimulation with 
CKLF1. In calcium mobilization, with the same effect as TARC/CCL17, 
CKLF1 also induced calcium flux specifically in CCR4-transfected 
HEK293 cells, but not in control cells [10]. Moreover, CKLF1 
completely desensitized CCR4 transfectants to subsequent TARC/
CCL17 treatment [10]. 

According to a report that after HEK293 cells were transfected with 
the pEGFP-N1 vector, EGFP protein was expressed in the cytosol of 
the cells [38], Wang finally conducted a receptor internalization assay 
with HEK293 cells transiently expressing pCCR4-EGFP or pCCR6-
EGFP, and the subcellular localization of the CCR4-EGFP or CCR6-
EGFP protein was visualized using confocal fluorescence microscopy. 
The data showed that the CCR4-EGFP fusion protein was expressed 
in the cytosol of the cells treated with CKLF1, but CCR6-EGFP was 
not, indicating that CKLF1 induced the internalization of CCR4 
[10]. On the basis that CKLF1 induced chemotaxis, calcium flux, 
and internalization specifically in CCR4-transfected cells, it was thus 
confirmed that CCR4 was a functional receptor for CKLF1.
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Isolation of Two Peptides from Secreted CKLF1
CKLF1 is a highly hydrophobic protein and the purification 

of native CKLF1 was unsuccessful. However, when recombinant 
CKLF1 was stably expressed in Drosophila S2 cells, two peptides 
from secreted CKLF1 in the transfected cell supernatant were 
obtained and were stained with Coomassie Brilliant Blue R-250; they 
were named CKLF1-C27 (C27) and CKLF1-C19 (C19). N-terminal 
amino acid sequencing showed that the peptide sequence of C27 
was ALIYRKLLFNPSGPYQKKPVHEKKEVL and that of C19 was 
FNPSGPYQKKPVHEKKEVL [11].

Because CKLF1 exerts its effects via CCR4 [10], it was reasonable 
to consider whether C27 and C19 from secreted CKLF1 also caused the 
same effects as the recombinant CKLF1 protein through CCR4. Thus, 
Wang and Zhang next tested the biological functions of chemically 
synthesized peptides C27 and C19 in terms of chemotaxis, calcium 
mobilization, and receptor internalization assays in CCR4-transfected 
HEK293 or the human T cell line Hut78 cells, with strong endogenous 
expression of CCR4 induced by the TARC/CCL17 protein. Wang and 
Zhang showed that both C27 and C19 induced chemotaxis and calcium 
flux in CCR4-transfected HEK293 cells, but not in mock-transfected 
cells as a control [11]. After HEK293 cells were transfected with the 
CCR4-EGFP plasmid, a CCR4-EGFP fusion protein was expressed at 
the plasma membrane, and when treated with C27 and C19, the EGFP 
protein was seen in the cytosol of the cells and clear internalization 
of CCR4-EGFP was visualized using confocal fluorescence microscopy 
[11]. Furthermore, the chemotactic response induced by C19 and C27 
was markedly inhibited by preincubation with a CCR4 antagonist. 
Thus, these results demonstrate that like CKLF1, C27 and C19 could 
induce chemotaxis, calcium mobilization, and receptor internalization, 
and interact with CCR4 [11].

A surprising discovery during these experiments was the difference 
in the degree of chemotaxis between C27 and C19. C27 significantly 
induced chemotaxis in CCR4-transfected Hut78 cells, while C19 
showed weak chemotactic activity in these cells [11]. This differing 
degree of chemotaxis between C19 and C27 in endogenously CCR4-
expressing Hut78 cells raised the question as to whether the two 
peptides might have differing physiological, or pathophysiological, 
functions in vivo.

Inhibition of Allergic Asthma and Rhinitis with 
CKLF1-C19 Peptide in Mice 

As mentioned above, like CKLF1, the CKLF1 C-terminal peptides 
C27 and C19 also interact with human CCR4, but C19 weakly activates 
CCR4 signaling and may even be a candidate antagonist peptide of 
CCR4, because C19 desensitized the chemotaxis induced by TARC/
CCL17 via CCR4, the common receptor shared by C19, CKLF1, and 
TARC/CCL17, indicating that C19 can inhibit chemotaxis induced 
by other chemokines, such as CKLF1 and TARC/CCL17 [11]. Thus, 
Tian, Li and Wang hypothesized that C19 might act as an antagonist 
in the development of asthma in mice [12]. Murine allergic asthma was 
generated by sensitizing with intraperitoneal injections of ovalbumin 
(OVA) and challenging the mice with inhaled aerosolized OVA. At 30 
min before each OVA challenge, chemically synthesized C19 peptide, 
dissolved in saline, was injected intraperitoneally.

The inhibitory effects of C19 in the pathogenesis of allergic asthma 
focused on AHR, eosinophil infiltration, and pathological changes in 
the lung. The data showed that, compared with the OVA group treated 
with saline, treatment with C19 resulted in a significant reduction in 

AHR, airway eosinophilia, and inflammation [12]. Additionally, C19 
inhibited chemotaxis mediated via CCR4 in human Th2 lymphocytes 
and in splenocytes from ovalbumin-sensitized mice [12].

In addition to CCR4, CC chemokine receptor 3 (CCR3), the 
principal chemokine receptor expressed by eosinophils, is involved 
in airway eosinophilia and hyper-responsiveness in allergic asthma 
[39,40]. CCR3 mediates the biological effects of important CC-
chemokines, such as CCL5, -7,-11,-13, -24, and -26 [41,42]. Therefore, 
Tian, Li and Wang constructed expression plasmids for human CCR3 
and mouse Ccr3, and then transfected them into HEK293 cells. Prior 
to stimulation with human CCL11, the cells were pretreated with C19 
for 30 min. Then, peritoneal cells or splenocytes from OVA-sensitized 
mice were used to examine chemotaxis [12]. 

The data showed that C19 inhibited the chemotaxis mediated 
by CCR3 in peritoneal cells or splenocytes. Moreover, C19 inhibited 
CCL11-induced chemotaxis of mouse eosinophils and human CCR3-
transfected or mouse Ccr3-transfected HEK293 cells.

That is, C19 attenuated airway eosinophilia and lung inflammation 
by inhibiting CCR4- and CCR3-mediated chemotaxis in a mouse 
model of asthma. Because of this ability to attenuate airway eosinophilia 
and lung inflammation, by inhibiting CCR4- and CCR3-mediated 
chemotaxis, C19 has great therapeutic potential for use in the treatment 
and control of allergic asthma.

Most recently, Zheng and colleagues reported that they had 
applied peptide C19 intranasally to treat allergic rhinitis in mice [13]. 
Like allergic asthma, allergic rhinitis also involves activation of CCR3 
and CCR4 [43,44]. A mouse model of allergic rhinitis was immunized 
intraperitoneally with OVA and challenged locally with OVA in their 
nostrils. At 30 min before intranasal OVA challenge, selected mice 
were treated with C19 or budesonide (intranasal steroid) intranasally. 
Intranasal administration of C19 reduced allergic symptoms, such as 
sneezing and rubbing, and the serum concentration of IgE [13]. The 
nasal mucosa of untreated allergic mice displayed a significant increase 
in eosinophils and conspicuous hyperplasia of the mucous glands, 
while mice treated with C19 or budesonide showed fewer eosinophils 
in the submucosa or peribronchiolar zone. Peptide C19 intranasal 
administration had a strong therapeutic effect and was found to be 
as effective against allergic rhinitis as budesonide, which may suggest 
potential in the treatment of allergic rhinitis.

Determination of the Molecular Mechanism of the 
Suppression of Airway Inflammation by CKLF1-C19 
Peptide

The studies discussed above show that CKLF1-C19 peptide could 
inhibit inflammation in allergic asthma and rhinitis in mice, while 
the CKLF1-C27 peptide promoted inflammation (unpublished data). 
Why may CKLF1-C19 be a candidate inflammation inhibitor? Liu Yi 
et al. solved the mystery using capillary zone electrophoresis (CZE) to 
analyze interactions between CKLF1 peptides and heparin [45].

Most chemokines in vivo bind not only to their receptors but 
also to glycosaminoglycans (GAGs), such as heparin, to exert their 
biological activity on target cells [46-48]. The two CKLF1 peptides with 
positive charges due to basic amino acids can bind to the GAGs, with 
negative charges due to acidic amino acid. Chemokine immobilization 
through the GAG interaction facilitates the formation of haptotactic 
chemokine gradients, and enhances their concentration at the site of 
production. By binding to GAGs, which protects chemokines from 
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degradation, chemokines maintain the lifetime and availability in 
vivo [49,50]. Because of low sample consumption, easy calculation of 
binding constants, and simple operating procedure, CZE is an effective 
strategy for analyzing interactions between chemokines and heparin, 
which is a kind of free GAG existing in plasma and is widely available 
commercially [51,52].

Evaluation of the interactions between heparin and C27/C19, based 
on CZE, demonstrated that C19 and C27 can interact with heparin, and 
the binding constant of C27 is higher than that of C19, which is in favor 
of the combination of C27 and CCR4, leading to strong chemotactic 
activity, whereas the combination of C19 and CCR4 is less favored, 
because C19 has a weaker ability to bind heparin. Compared with 
C27, C19 lacks eight amino acids at its N-terminus and has weaker 
ability in heparin binding, which may be one reason for CKLF1-C19 
antagonizing inflammation [45].

Epilogue
In this review, I have told the interesting story of the progress in 

CKLF1 research over the past 10 years. In 2001, the first report about 
the discovery of a novel cytokine, CKLF1, was published. In December 
2011, the CKLF1-C19 peptide’s effects against allergic inflammation 
were reported. During the 10 years, researchers in the fields of 
immunology, respiratory disease, and pharmacy collaborated with one 
another and successfully carried out a series of experiments, from the 
cloning of CKLF1 to intervention against allergic airway inflammation.

In Chinese laboratories, CKLF1 was the first chemotactic 
cytokine to be cloned by Chinese immunologists. Immediately after 
CKLF1 was discovered, specialists in respiratory diseases introduced 
CKLF1 in research in asthmatics because of the effects of CKLF1 
on inflammatory cell trafficking and tissue cell proliferation. They 
demonstrated that CKLF1 was involved in asthmatics and caused 
airway inflammation and remodeling. The immunologists went on to 
finish the identification of CKLF1 superfamily members and generated 
a monoclonal antibody against CKLF1. Then, they focused on a link 
between CKLF1 and asthma to confirm CCR4 as a functional receptor 
for CKLF1 and isolated two peptides from secreted CKLF1, C27 and 
C19, and suggested that C19 had anti-inflammatory effects, finally 
revealing that CKLF1-C19 peptide, a small molecule inhibitor, may 
have efficacy in the treatment of allergic asthma and rhinitis.

The past 10 years have been a very exciting time in CKLF1 research. 
We have witnessed the discovery and characterization of CKLF1, from 
promoting inflammatory cells trafficking to inhibiting allergic airway 
inflammation. Looking at the development of CKLF1, it provides an 
important example for searching for other novel genes that remain to 
be discovered and characterized. As in the case of CKLF1, exploring 
novel genes needs extensive cooperation in a number of areas using 
new technologies, such as genomics and bioinformatics, and new 
knowledge about related diseases and pharmacology.
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